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(57) ABSTRACT 

The present invention relates to methods for predicting, diag 
nosing and monitoring cancer. The methods comprise obtain 
ing biological samples, extracting mitochondrial DNA 
(mtDNA) from the samples, quantifying mitochondrial DNA 
mutation in the sample and comparing the level of mtDNA 
mutation with a reference value. The methods of the invention 
may also be effective in Screening for new therapeutic agents 
and treatment regimes, and may also be useful for monitoring 
the response of a Subject to a preventative or therapeutic 
treatment. 
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Agent Ref. 102222,00050 
21826003.1 

Primer Design for 4kb Deletion Detection 

12328 
TTGGTGCAACTCCAAA 

GCCACCCCTCACC 

PRIMER SEQUENCE 5'-TTGGTGCAACTCCAAAGCCACCCCTCACC-3 

Figure 5 
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MTOCHONORAL DNA DELETON 
BETWEENABOUT RESIDUES 12317-16254 
FOR USE IN THE DETECTION OF CANCER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority from U.S. Applica 
tion No. 61/002,637, filed Nov. 9, 2007, the entire contents of 
which are incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention pertains to the field of mito 
chondrial genomics. In particular it is related to the detection 
of human mitochondrial genome mutations and their utility as 
an indicators of cancer. 

BACKGROUND OF THE INVENTION 

Mitochondrial DNA as a Diagnostic Tool 
0003 Mitochondrial DNA (mtDNA) sequence dynamics 
are important diagnostic tools. Mutations in mtDNA are often 
preliminary indicators of developing disease, often associ 
ated with nuclear mutations, and act as biomarkers specifi 
cally related to: disease. Such as but not limited to, tissue 
damage and cancer from Smoking and exposure to second 
hand tobacco smoke (Lee et al., 1998: Wei, 1998); longevity, 
based on accumulation of mitochondrial genome mutations 
beginning around 20 years of age and increasing thereafter 
(von Wurmb, 1998); metastatic disease caused by mutation or 
exposure to carcinogens, mutagens, ultraviolet radiation 
(Birch-Machin, 2000); osteoarthritis; cardiovascular, Alzhe 
imer, Parkinson disease (Shoffner et al., 1993: Sherratt et al., 
1997; Zhang et al., 1998); age associated hearing loss 
(Seidman et al., 1997); optic nerve degeneration and cardiac 
dysrhythmia (Brown et al., 1997; Wallace et al., 1988); 
chronic progressive external exopthalmoplegia (Taniike et 
al., 1992); atherosclerosis (Bogliolo et al., 1999); papillary 
thyroid carcinomas and thyroid tumours (Yeh et al., 2000); as 
well as others (e.g. Naviaux, 1997: Chinnery and Turnbull, 
1999). 
0004 Mutations at specific sites of the mitochondrial 
genome can be associated with certain diseases. For example, 
mutations at positions 4216, 4217 and 4917 are associated 
with Leber's Hereditary Optic Neuropathy (LHON) (Mito 
chondrial Research Society; Huoponen (2001); Mito Map). A 
mutation at 15452 was found in 5/5 patients to be associated 
with ubiquinol cytochrome c reductase (complex III) defi 
ciency (Valnot et al. 1999). 
0005 Specifically, these mutations or alterations include 
point mutations (transitions, transversions), deletions (one 
base to thousands of bases), inversions, duplications, (one 
base to thousands of bases), recombinations and insertions 
(one base to thousands of bases). In addition, specific base 
pair alterations, deletions, or combinations thereofhave been 
found to be associated with early onset of prostate, skin, and 
lung cancer, as well as aging (e.g. Polyak et al., 1998), pre 
mature aging, exposure to carcinogens (Lee et al., 1998), etc. 

Prostate Cancer 

0006 Prostate cancer is a frequently diagnosed solid 
tumour that most likely originates in the prostate epithelium 
(Huanget al. 1999). In 1997, nearly 10 million American men 
were screened for prostate specific antigen (PSA), the pres 

Dec. 9, 2010 

ence of which suggests prostate cancer (Woodwell, 1999). 
Indeed, this indicates an even higher number of men screened 
by an initial digital rectal exam (DRE). In the same year, 31 
million men had a DRE (Woodwell, 1999). Moreover, the 
annual number of newly diagnosed cases of prostate cancer in 
the United States is estimated at 179,000 (Landis et al., 1999). 
It is the second most commonly diagnosed cancer and second 
leading cause of cancer mortality in Canadian men. In 1997 
prostate cancer accounted for 19,800 of newly diagnosed 
cancers in Canadian men (28%) (National Cancer Institute of 
Canada). It is estimated that 30% to 40% of all men over the 
age offorty-nine (49) have some cancerous prostate cells, yet 
only 20% to 25% of these men have a clinically significant 
form of prostate cancer (SpringNet CE Connection, inter 
net, www.springnet.com/ce/803a.htm). Prostate cancer 
exhibits a wide variety of histological behaviour involving 
both endogenous and exogenous factors, i.e. socio-economic 
situations, diet, geography, hormonal imbalance, family his 
tory and genetic constitution (Konishietal. 1997; Haywardet 
al. 1998). Although certain mtDNA alterations have been 
previously associated with prostate cancer, the need exists for 
further markers for the detection of prostate cancer. 

Breast Cancer 

0007 Breast cancer is a cancer of the glandular breast 
tissue and is the fifth most common cause of cancer death. In 

2005, breast cancer caused 502,000 deaths (7% of cancer 
deaths; almost 1% of all deaths) worldwide (World Health 
Organization Cancer Fact Sheet No. 297). Among women 
worldwide, breast cancer is the most common cancer and the 
most common cause of cancer death (World Health Organi 
zation Cancer Fact Sheet No. 297). Although certain mtDNA 
alterations have been previously associated with breast can 
cer, for example in Parrella et al. (Cancer Research: 61, 2001), 
the need exists for further markers for the detection of breast 
CaCC. 

0008. This background information is provided for the 
purpose of making known information believed by the appli 
cant to be of possible relevance to the present invention. No 
admission is necessarily intended, nor should be construed, 
that any of the preceding information constitutes prior art 
against the present invention. 

SUMMARY OF THE INVENTION 

0009. The present invention pertains to mitochondrial 
DNA mutations for use in the detection of cancer. In accor 
dance with an aspect of the present invention, there is pro 
vided a method of detecting a cancer in an individual com 
prising: 

0.010 a) obtaining a biological sample from the indi 
vidual; 

0.011 b) extracting mitochondrial DNA (mtDNA) from 
the sample: 

0012 c) quantifying the amount of mtDNA in the 
sample having a deletion in the mtDNA sequence 
between about residue 12317 and about residue 16254 
of the human mtDNA genome; and 

0013 d) comparing the amount of mtDNA in the 
sample having the deletion to at least one known refer 
ence value. 
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0014. In accordance with another aspect of the present 
invention, there is provided a method of monitoring an indi 
vidual for the development of a cancer comprising: 

0015 a) obtaining a biological sample: 
0016 b) extracting mitochondrial DNA (mtDNA) from 
the sample: 

0017 c) quantifying the amount of mtDNA in the 
sample having a deletion in the mtDNA sequence 
between about residue 12317 and about residue 16254 
of the human mtDNA genome; and 

0018 d) repeating steps a) to c) over a duration of time; 
0019 wherein an increasing level of the deletion over the 
duration of time is indicative of cancer. 
0020. In accordance with another aspect of the present 
invention, there is provided a method of detecting a cancer in 
an individual comprising: 

0021 a) obtaining a biological sample from the indi 
vidual; 

0022 b) extracting mitochondrial DNA (mtDNA) from 
the sample: 

0023 c) quantifying the amount of mtDNA in the 
sample having a sequence corresponding to the 
sequence as set forth in SEQID NO: 1 or SEQIDNO:2: 
and 

0024 d) comparing the amount of mtDNA in the 
sample corresponding to SEQID NO: 1 or SEQID NO: 
2 to at least one known reference value. 

0025. In accordance with another aspect of the present 
invention, there is provided a diagnostic kit for carrying out 
the method of the invention comprising: 

0026 (a) material for collecting one or more biological 
samples; and 

0027 (b) suitable primers and reagents for detecting the 
mtDNA deletion. 

BRIEF DESCRIPTION OF THE FIGURES 

0028. These and other features of the invention will 
become more apparent in the following detailed description 
in which reference is made to the appended drawings. 
0029 FIG. 1 is a graph showing cycle threshold as related 

to Example 1. 
0030 FIG. 2 shows a ROC curve illustrating the specific 

ity and sensitivity of one embodiment of the present inven 
tion. 
0031 FIG. 3 is a graph showing cycle threshold as related 

to Example 2. 
0032 FIG. 4 shows a ROC curve illustrating the specific 

ity and sensitivity of another embodiment of the present 
invention. 
0033 FIG. 5 is a schematic diagram showing the design 
and sequence of a primer useful for the detection of the 4 kb 
deletion. 
0034 FIG. 6 shows a ROC curve illustrating the specific 

ity and sensitivity of another embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0035. The present invention provides methods of predict 
ing, diagnosing and monitoring cancer. The methods com 
prise obtaining one or more biological samples, extracting 
mitochondrial DNA (mtDNA) from the samples, quantifying 
the amount of a mitochondrial mutation in the samples and 
comparing the quantity of the mutation in a sample with a 
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reference value. In this regard, the methods provide a com 
prehensive tool for determining disease onset and for assess 
ing the predisposition of an individual to cancer. The methods 
also allow for the monitoring of an individual’s risk factors 
over time and/or for monitoring a patient's response to thera 
peutic agents and treatment regimes. 

DEFINITIONS 

0036. Unless defined otherwise, all technical and scien 
tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. 
0037. As used herein, the term “about” refers to an under 
stood variation from the stated value. It is to be understood 
that such a variation is always included in any given value 
provided herein, whether or not it is specifically referred to. 
0038. As defined herein, “biological sample” refers to a 
tissue or bodily fluid containing cells from which mtDNA can 
be obtained. For example, the biological sample can be 
derived from tissue such as breast or prostate tissue, or from 
blood, Saliva, cerebral spinal fluid, sputa, urine, mucous, Syn 
ovial fluid, peritoneal fluid, amniotic fluid and the like. The 
biological sample may be a Surgical specimen or a biopsy 
specimen. The biological sample can be used either directly 
as obtained from the source or following a pre-treatment to 
modify the character of the sample. Thus, the biological 
sample can be pre-treated prior to use by, for example, pre 
paring plasma or serum from blood, disrupting cells, prepar 
ing liquids from solid materials, diluting viscous fluids, fil 
tering liquids, distilling liquids, concentrating liquids, 
inactivating interfering components, adding reagents, and the 
like. 
0039. As used herein, “cycle threshold” (C) is the point at 
which target amplification using real-time PCR rises above 
background, as indicated by a signal Such as a fluorescence 
signal. The C is inversely related to the quantity of the 
sequence being investigated. 
0040. As used herein, “diagnostic' or “diagnosing means 
using the presence or absence of a mutation or combination of 
mutations as a factor in disease diagnosis or management. 
The detection of the mutation(s) can be a step in the diagnosis 
of a disease. 
0041. As used herein, “deletion” means removal of a 
region of mtDNA from a contiguous sequence of mtDNA. 
Deletions can range in size from one base to thousands of 
bases or larger. 
0042. As used herein, “mitochondrial DNA or “mtDNA 

is DNA present in mitochondria. 
0043. As used herein, “mutation' encompasses any modi 
fication or change in mitochondrial DNA from the wild type 
sequence, including without limitation point mutations, tran 
sitions, insertions, transversions, translocations, deletions, 
inversions, duplications, recombinations or combinations 
thereof. The modification or change of the sequence can 
extend from a single base change to the addition or elimina 
tion of an entire DNA fragment. 
0044 As defined herein, “sensitivity” refers to the fraction 
of true positives (true positive rate) results obtained using the 
method of the present invention. 
0045. As defined herein, “specificity' refers to the fraction 
of false positives (false positive rate) results obtained using 
the method of the present invention. 
0046. The terms “therapy' and “treatment, as used inter 
changeably herein, refer to an intervention performed with 
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the intention of improving a Subject's status. The improve 
ment can be subjective or objective and is related to amelio 
rating the symptoms associated with, preventing the develop 
ment of, or altering the pathology of a disease. Thus, the terms 
therapy and treatment are used in the broadest sense, and 
include the prevention (prophylaxis), moderation, reduction, 
and curing of a disease, at various stages. Preventing deterio 
ration of a Subject's status is also encompassed by the term. 
Subjects in need of therapy/treatment thus include those 
already having the disease, as well as those prone to, or at risk 
of developing, the disease, and those in whom the disease is to 
be prevented. 

Assays for Predicting, Diagnosing and Monitoring Cancer 

Assay for Detection of Mitochondrial Mutation 
0047 Mitochondrial DNA (mtDNA) dynamics are an 
important diagnostic tool. 
0048 Mutations in mtDNA are often preliminary indica 
tors of developing disease and may act as biomarkers indica 
tive of risk factors associated with disease onset. As discussed 
herein, measuring the level of mitochondrial DNA aberration 
in a biological sample can determine the presence of one or 
more cancers and identify the potential risk or predisposition 
of a patient to one or more cancers. Furthermore, measure 
ment of mtDNA at regular intervals can provide health care 
professionals with a real-time, quantitative monitoring tool 
for measuring the progression of a patient over time and/or as 
an assessment for treatment recommendations in order to 
determine their effectiveness in preventing or treating cancer. 
0049. The present invention, therefore, provides methods 
for predicting, diagnosing or monitoring cancer, comprising 
obtaining one or more biological samples, extracting mito 
chondrial DNA (mtDNA) from the samples, and assaying the 
samples for mitochondrial mutation by: quantifying the 
amount of an mtDNAaberration in the sample and comparing 
the level of the aberration with a reference value. As would be 
understood by those of skill in the art, the reference value is 
based on whether the method seeks to predict, diagnose or 
monitor cancer. Accordingly, the reference value may relate 
to mtDNA data collected from one or more known non 
cancerous biological samples, from one or more known can 
cerous biological samples, and/or from one or more biologi 
cal samples taken over time. These reference values are used 
for comparison with the mtDNA data collected from the one 
or more biological samples wherein, for example, a similar or 
elevated amount of deletion in the biological sample com 
pared to the reference sample is indicative of a predisposition 
to or the onset of cancer, or wherein an increasing level of the 
deletion over time is indicative of cancer onset. 

0050. In accordance with an aspect of the invention, the 
methods for predicting, monitoring and diagnosing cancer 
comprise an assay for detecting and quantifying one or more 
mitochondrial mutations. In accordance with one embodi 
ment of the invention, the mutation is an mtDNA deletion. In 
accordance with another embodiment, the mutation is an 
mtDNA deletion of 3926 bp of mtDNA (referred to hereinas 
“the 4 kb deletion' or “4 kb sequence'). In accordance with 
yet another embodiment, the mutation is an mtDNA deletion 
having the sequence as set forth in SEQID NO:1 or SEQID 
NO:2, there being no difference between SEQID NO: 1 and 
SEQ ID NO: 2 when in circular form. 
0051. The 4 kb deletion spans approximately nucleotides 
12317 and 16254 of the human mtDNA genome. The human 
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mtDNA genome is listed herein as SEQID NO:3 (Genbank 
accession no. AC 000021). The 4 kb deletion is character 
ized by direct flanking repeats 12 by in size, with the repeats 
located at positions 12317-12328 and 16243 to 16254. The 
repeat sequence is 5'-TGCA ACTCCAAA-3". Thus, in accor 
dance with one embodiment of the invention, the mutation is 
an mtDNA deletion of between about residue 12317 and 
about residue 16254 of the human mtDNA genome. 
0.052 The inventors have determined, as provided by way 
of example below, that this deletion is associated with cancer 
and in particular prostate and breast cancer. Therefore, Such 
deletion provides an accurate biomarker and, therefore, a 
valuable tool for the detection, diagnosis, or monitoring of 
cancer in at least these tissues. 

0053. The deletion results in the creation of two deletion 
monomers, one of 4 kb in size (Small Sublimon) and one of 
approximately 12.5 kb in size (large Sublimon). The occur 
rence of the deletion may be detected by either identifying the 
presence of the small sublimon or the large sublimon, the 4 kb 
or 12.5 kb sequence respectively. 
0054 Exemplary methods for assaying the mitochondrial 
mutation are provided in the Example section. Extraction of 
mtDNA from a sample may be undertaken using any Suitable 
known method. MtDNA extraction is followed by amplifica 
tion of all or a region of the mitochondrial genome, and may 
include sequencing of the mitochondrial genome, as is known 
in the art and described, for example, in Current Protocols in 
Molecular Biology (Ausubel et al., John Wiley & Sons, New 
York, 2007). Likewise, methods for detecting the presence of 
mutations in the mtDNA can be selected from suitable tech 
niques known to those skilled in the art. For example, analyZ 
ing mtDNA can comprise sequencing the mtDNA, amplify 
ing mtDNA by PCR, Southern, Northern, Western South 
Western blot hybridizations, denaturing HPLC, hybridization 
to microarrays, biochips or gene chips, molecular marker 
analysis, biosensors, melting temperature profiling or a com 
bination of any of the above. 
0055 Any suitable means to sequence mitochondrial 
DNA may be used. Preferably, mtDNA is amplified by PCR 
prior to sequencing. The method of PCR is well known in the 
art and may be performed as described in Mullis and Faloona, 
1987, Methods Enzymol. 155: 335. PCR products can be 
sequenced directly or cloned into a vector which is then 
placed into a bacterial host. Examples of DNA sequencing 
methods are found in Brumley, R. L. Jr. and Smith, L. M., 
1991, Rapid DNA sequencing by horizontal ultrathin gel 
electrophoresis, Nucleic Acids Res. 19:4121-4126 and 
Luckey, J. A., et al., 1993, High speed DNA sequencing by 
capillary gel electrophoresis, Methods Enzymol. 218: 154 
172. The combined use of PCR and sequencing of mtDNA is 
described in Hopgood, R., et al., 1992, Strategies for auto 
mated sequencing of human mtDNA directly from PCR prod 
ucts, Biotechniques 13:82-92 and Tanaka, M. et al., 1996, 
Automated sequencing of mtDNA, Methods Enzymol. 264: 
4O7-421. 

0056 Although real-time quantitative PCR methods, as 
described in the examples below, represent the preferred 
means for detecting and quantifying the presence or absence 
of the 4 kb deletion, other methods would be well knownto an 
individual of skill in the art and could be utilized as indicated 
above. In addition, quantification of the deletion could be 
made using Bio-Rad's BioplexTM System and Suspension 
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Array technology. Generally, the method requires amplifica 
tion and quantification of sequences using any known meth 
ods. 
0057 The following primer sequences are examples of 
primers that may be used for the detection of the 4 kb deletion: 
0058 4 forward (binds to bases 12313-12328/16255 
16267 of the human mtDNA genome) 5'-TTGGTG 
CAACTCCAAAGCCACCCCTCACC-3' (SEQID NO: 4): 
0059 4 reverse (binds to bases 16391-16409 of the human 
mtDNA genome) 5'-AGGATGGTGGTCAAGGGAC-3' 
(SEQ ID NO. 5). 
0060. In one embodiment of the present invention, a pair 
of amplification primers are used to amplify a target region 
indicative of the presence of the 4 kb deletion. In this embodi 
ment, one of the pair of amplification primers overlaps a 
spliced region of mtDNA after deletion of the 4 kb sequence 
has occurred and the mtDNA has reformed as a circular 
mtDNA molecule (eg. a splice at a position between 12328 
and 16255 of the mtDNA genome). Therefore, extension of 
the overlapping primer can only occur if the 4 kb section is 
deleted. FIG. 5 is a schematic diagram showing the design 
and sequence of the primer (ie. SEQID NO: 4). 
0061. In another embodiment of the present invention, a 
pair of amplification primers are used to amplify a target 
region associated with the deleted 4 kb sequence. The deleted 
4 kb sequence, upon deletion, may reform as a circular 
mtDNA molecule. In this embodiment, one of the pair of 
amplification primers overlaps the rejoining site of the ends of 
the 4 kb sequence. Thus, an increase in the amount of the 4 kb 
molecule detected in a sample is indicative of cancer. 
0062 Instill another embodiment of the present invention, 
the breakpoint of the deletion is unknown thereby resulting in 
two possibilities for primer location. In this embodiment, two 
separate forward primers may be designed to amplify the 
target region associated with the deleted 4 kb sequence. The 
following primer sequences are examples of those that may 
be used for the detection of the 4 kb deletion in this scenario: 

Forward Primers: 

0063 Primer A (binds to bases 12313-12328/16255 
16267 of the human mtDNA genome) 5'-TTGGTG 
CAACTCCAAAGCCACCCCTCACC-3' (SEQID NO: 4): 
0064. Primer B (binds to bases 12302-12316 of the human 
mtDNA genome) 5'-CCCAAAAATTTTGGTGCAACTC 
CAAAGCCAC-3' (SEQID NO: 6). 

Reverse Primer: 

0065 Primer C (binds to bases 16391-16409 of the human 
mtDNA genome) 5'-AGGATGGTGGTCAAGGGAC-3' 
(SEQ ID NO. 5). 
0066. As would be understood by a person of skill in the 

art, the forward primers A or B can be used with reverse 
primer C to create PCR products that are useful in qPCR 
assayS. 

Biological Sample 

0067. The present invention provides for diagnostic tests 
which involve obtaining or collecting one or more biological 
samples. In the context of the present invention, “biological 
sample” refers to a tissue or bodily fluid containing cells from 
which mtDNA can be obtained. For example, the biological 
sample can be derived from tissue including, but not limited 
to, breast, prostate, nervous, muscle, heart, Stomach, colon 
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tissue and the like; or from blood, saliva, cerebral spinal fluid, 
sputa, urine, mucous, Synovial fluid, peritoneal fluid, amni 
otic fluid and the like. The biological sample may be obtained 
from a cancerous or non-cancerous tissue and may be a Sur 
gical specimen or a biopsy specimen. 
0068. The biological sample can be used either directly as 
obtained from the source or following a pre-treatment to 
modify the character of the sample. Thus, the biological 
sample can be pre-treated prior to use by, for example, pre 
paring plasma or serum from blood, disrupting cells, prepar 
ing liquids from Solid materials, diluting viscous fluids, fil 
tering liquids, distilling liquids, concentrating liquids, 
inactivating interfering components, adding reagents, and the 
like. 
0069. One skilled in the art will understand that more than 
one sample type may be assayed at a single time (i.e. for the 
detection of more than one cancer). Furthermore, where a 
course of collections are required, for example, for the moni 
toring of risk factors or cancer over time, a given sample may 
be diagnosed alone or together with other sample taken 
throughout the test period. In this regard, biological samples 
may be taken once only, or at regular intervals such as 
biweekly, monthly, semi-annually or annually. 
0070. One of skill will also appreciate that mitochondrial 
DNA targets are in much greater abundance (approximately 
1000 fold greater) than nucleic acid targets and as such 
sample sizes comprising extremely low yields of nucleic 
acids would be suitable for use with the present invention. 

Applications for Predicating, Diagnosing and Monitoring 
Cancer 

Diagnosing and Monitoring Cancer 

0071. The prevalence of cancer in most tissue types and 
age groups necessitates the availability of a tool to not only 
detect the presence of cancer, but also to monitor the Success 
and appropriateness of preventative measures and therapies 
being advised to prevent onset, progression and spread of the 
disease. Measuring the level of mitochondrial DNA deletions 
in one or more biological samples of an individual can pro 
vide initial diagnosis of risk factors, cancer and/or stages of 
the disease. 
0072 The system and method of the present invention, for 
example, may be used to detect cancer at an early stage, and 
before any histological abnormalities. Furthermore, sample 
testing at regular intervals such as biweekly, monthly, semi 
annually or annually (or any other Suitable interval) can pro 
vide health care professionals with a real-time, quantitative 
monitoring tool to compare against treatment recommenda 
tions to determine their effectiveness in preventing or treating 
the disease. 
0073 Turning now to the examples, in one embodiment 
the present invention may be used for detecting the presence 
of pre-neoplasia, neoplasia and progression towards potential 
malignancy of prostate cancer and breast cancer. In one 
aspect, the present invention involves the detection and quan 
tification of the 4 kb mtDNA deletion for the detection, diag 
nosis, and/or monitoring of cancer. In this method, mtDNA is 
extracted from a biological sample (for example body tissue, 
or body fluids such as urine, prostate massage fluid). The 
extracted mtDNA is then tested in order to determine the 
levels (ie. quantity) of the 4 kb deletion in the sample. In tests 
conducted by the present inventors, the levels of the deletion 
were found to be elevated in samples obtained from subjects 
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with cancer when compared to samples obtained from Sub 
jects without cancer. Based on the information and data Sup 
plied below, the inventors have concluded that elevated levels 
of the 4 kb deletion in human mtDNA is indicative of cancer. 
0074. In another embodiment, samples of, for instance 
prostate tissue, prostate massage fluid, urine or breast tissue, 
are obtained from an individual and tested over a period of 
time (eg. years) in order to monitor the genesis or progression 
of cancer. Increasing levels of the 4 kb deletion over time 
could be indicative of the beginning or progression of cancer. 
0075 One of ordinary skill in the art will appreciate that 
analysing one or more biological samples from an individual 
for quantification of a mitochondrial DNA target provides a 
means for a health care worker to monitor the effectiveness of 
treatment regimes. One of ordinary skill will also appreciate 
the utility of mtDNA analysis for use by health care providers 
in identifying (and providing recommendations for) lifestyle 
habits, such as poor diet and exercise, or activities that cause 
over exposure of an individual to known carcinogens (eg. 
tobacco, pollutants). 
0076 Another aspect of the invention provides methods 
for confirming or refuting the results of a cancer biopsy test 
from a biopsy sample (eg. prostate or breast cancer), com 
prising: obtaining non-cancerous tissue from a biopsy 
sample; and detecting and quantifying the amount of the 4 kb 
mtDNA deletion in the non-diseased tissue. 

Determining Genetic Predisposition to Cancer 

0077. In order to fully evaluate an individual's risk of one 
or more cancers it is imperative that health care providers are 
provided with as much information as possible to understand 
and communicate their patient's risk factors. The utilization 
of the present invention to determine the level of mtDNA 
aberration will not only prove helpful in assessing an indi 
vidual’s Susceptibility to one or more cancers, it provides a 
valuable tool to identify patients with greater risk who are 
potentially in need of more aggressive monitoring and treat 
ment measures. 

0078. In this regard, the various examples provided below 
illustrate a difference in the amount of mtDNA having the 4 
kb deletion between samples obtained from subjects having 
cancer, and Subjects without cancer. The amount of the 4 kb 
deletion was found to be higher in the samples obtained from 
Subjects having cancer. This determination was made by 
comparing the amount of the 4 kb deletion in the samples 
from known cancer cells and/or known non-cancer cells. 
0079. As such, the inventors determined that screening of 
biological samples would prove useful in identifying an indi 
vidual’s predisposition to one or more cancers. Thus, in 
accordance with one embodiment of the present invention 
there is provided a method for screening individuals for can 
cer from one or more biological samples comprising: obtain 
ing the one or more samples, and detecting and quantifying 
the level of the 4 kb mtDNA deletion in the samples. In a 
specific embodiment of the invention, there is provided a 
method for screening individuals for prostate or breast cancer 
from a body fluid or tissue sample comprising; obtaining the 
body fluid or tissue sample, and detecting and quantifying the 
level of the 4 kb mtDNA deletion in the body fluid or tissue 
sample. 
0080 Age related accumulation of the 4 kb mtDNA dele 
tion may also predispose an individual to, for example, pros 
tate cancer or breast cancer, which is prevalent in middle aged 
and older men, and middle aged and older women, respec 
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tively. Similarly, an accumulation of the 4 kb mtDNA deletion 
may be associated with a particular lifestyle based on an 
individual's diet, exercise habits, and exposure to known car 
cinogens. Thus, in accordance with one aspect of the inven 
tion, a method is provided wherein regular cancer Screening 
may take place by monitoring over time the amount of the 4 
kb deletion in one or more biological samples, non-limiting 
examples of which include breast and prostate tissues or body 
fluids such as prostate massage fluid, or urine. 

Evaluation of Therapeutic Agents 

I0081. The method of the present invention may also be 
used for screening potential therapeutic agents for use in 
cancer treatment or for monitoring the therapeutic effect of 
Such agents. The method of the present invention may be used 
to measure various biomarkers associated with the cancers 
identified herein. The ability to assess the level of DNA dam 
age in any biological sample at any time point provides the 
foundation for a unique and informative screening test for an 
individual's health and to assess the safety and efficacy of 
existing and new therapeutic agents and treatment regimes. 
Furthermore, by identifying the specific genetic changes 
underlying a subject's state of health, it may be readily deter 
mined whether and to what extent a patient will respond to a 
particular therapeutic agent or regime. 

Kits 

I0082. The present invention provides diagnostic/screen 
ing kits for use in a clinical environment. Such kits could not 
only include one or more sampling means, but other materials 
necessary for the identification of mtDNA mutations. 
I0083. The kits can optionally include reagents required to 
conduct a diagnostic assay, such as buffers, salts, detection 
reagents, and the like. Other components, such as buffers and 
Solutions for the isolation and/or treatment of a biological 
sample, may also be included in the kit. One or more of the 
components of the kit may be lyophilised and the kit may 
further comprise reagents suitable for the reconstitution of the 
lyophilised components. 
I0084. Where appropriate, the kit may also contain reaction 
vessels, mixing vessels and other components that facilitate 
the preparation of the test sample. The kit may also optionally 
include instructions for use, which may be provided in paper 
form or in computer-readable form, such as a disc, CD, DVD 
or the like. 

I0085. In one aspect of the invention there is provided a kit 
for diagnosing cancer comprising means for extraction of 
mtDNA, primers, reagents and instructions. 
I0086. In another aspect of the invention there is provided a 
kit for diagnosing cancer, for example prostate or breast can 
cer, comprising means for extraction of mtDNA, primers 
having the nucleic acid sequences recited in SEQID NOs: 4 
and 5, reagents and instructions. 
I0087. In another aspect of the invention there is provided a 
kit for diagnosing cancer, for example prostate or breast can 
cer, comprising means for extraction of mtDNA, primers 
having the nucleic acid sequences recited in SEQID NOs: 6 
and 5, reagents and instructions. 
I0088. To gain a better understanding of the invention 
described herein, the following examples are set forth. It will 
be understood that these examples are intended to describe 
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illustrative embodiments of the invention and are not intended 
to limit the scope of the invention in any way. 

EXAMPLES 

Example 1 
Association of Prostate Cancer with 4 kb Deletion in 

Human mtDNA 

0089. Urine samples were collected from five patients 
who had been diagnosed with prostate cancer and five who 
had a needle biopsy procedure which was unable to detect 
prostate malignancy. These samples were collected following 
a digital rectal exam (DRE) to facilitate the collection of 
prostate cells. 
0090. Upon receipt of the samples a 5 ml aliquot was 
removed and then 2 mls were centrifuged at 14,000xg to form 
a pellet. The Supernatant was removed and discarded. 
0091 Pellets were resuspended in 200ul phosphate buff 
ered saline solution. Both the resuspended pellet and the 
whole urine sample were subjected to a DNA extraction pro 
cedure using the QiaAMP DNA Mini Kit (Qiagen P/N51304) 
according to the manufacturer's directions. The resulting 
DNA extracts were then quantified using a NanoDrop 
ND-1000 Spectrophotometer and normalized to a concentra 
tion of 0.1 ng/ul. 
0092 Samples were analyzed by quantitative real-time 
PCR with the 4 kb deletion specific primers according to the 
following: 
0093. 1x iQSYBR Green Supermix (Bio-Rad product no. 
170-8880) 
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0105 8. Melting Curve from 50° C. to 105° C., read 
every 1° C., hold for 3 seconds 

01.06 9. 10° C. Hold 

Results 

0107 Results from the urine pellet did not yield significant 
differences in the mean cycle threshold observed or a useful 
cutoff point. However, the results from the whole urine 
sample did yield significant differences as provided below. 
0.108 Tables 1 and 2, and FIG. 1 show the difference in the 
mean C. Scores for urine samples from Subjects having pros 
tate malignant tissue and benigntissue at the 0.04 significance 
level. 

TABLE 1 

Mean Values for C scores: Urine Samples 

Std. Error 

N Mean Std. Deviation Mean 

Benign 7 38.0357 3.4O974 1.288876 

Malignant 7 31.93OO 6.12583 2.31534 

TABLE 2 

Significance Test for Mean CT scores 
Independent Samples Test 

CT40 

fluid 

Equal 
variances 
assumed 
Equal 
variances 
not 
assumed 

0094) 100 nmol forward primer (5'-TTGGTGCAACTC 
CAAAGCCACCCCTCACC-3) (SEQID NO: 4) 
0095 100 nmol reverse primer (5'-AGGATGGTGGT 
CAAGGGAC-3) (SEQID NO: 5) 
0.096 
0097 

1 ng template DNA in a 25ul reaction 
Reactions were cycled on an Opticon 2 DNA Engine 

(Bio-Rad Canada) according to the following protocol: 
0.098 1.95° C. for 3 minutes 
0099 2.95° C. for 30 seconds 
01.00 3. 69° C. for 30 seconds 
01.01 4. 72° C. for 30 seconds 
01.02 5. Plate Read 
0103 6. Repeat steps 2-5 44 times 
01.04 7.72°C. for 10 minutes 

Levenes Test for Equality Means 

Test for 95% Confidence 
Equality of Sig. Std. Interval of the 
Variances (2- Mean Error Difference 

Sig. t df tailed) Diff. Diff. Lower Upper 

1.707 .216 2304 12 O40 610571. 264985 .33218 11.8792S 

2304 9392 O46 610571. 264985 .14927 12.06215 

0109 Tables 3 and 4, and FIG. 2 illustrate that when using 
a cut-off cycle threshold of 36.255 the sensitivity of the assay 
for prostate cancer is 86% and the specificity is 86%. 
0110 FIG. 2 is a Receiver Operating Characteristic (ROC) 
curve illustrating the specificity and sensitivity of the 4 kb 
mtDNA deletion as a marker for prostate cancer when testing 
urine. These results were obtained using a cutoff C of 
36.255. The sensitivity of the marker at this C is 86%, while 
the specificity is 86%. 
0111. The determination of the cutoff C of 36.255 is 
shown in Table 3. The results listed in Table 3 show that a 
cutoff Cof 36.255 provided the highest sensitivity and speci 
ficity. 
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0112 The accuracy of the test depends on how well the 
test separates the group being tested into those with and 
without the prostate cancer. Accuracy is measured by the area 
under the ROC curve. Table 4 shows the calculation of the 
area under the curve for the present example. 

TABLE 3 

Determination of Specificity and Sensitivity 

Positive ifs Sensitivity 1 - specificity 

1986 OOO OOO 
24.87 143 OOO 
29.48 286 OOO 
30.54 429 OOO 
32.23S 429 143 
33.77 571 143 
35.11 714 143 
36.255 857 143 
37.415 857 286 
39.23 857 429 
39.995 1.OOO 429 
40.21 1.OOO 857 
41.42 1.OOO 1.OOO 

the smallest cutoffvalue is the minimum observed test value minus 1 and the largest cutoff 
value is the maximum observed test value plus 1. All the other cutoff values are the averages 
of two consecutive ordered observed test values. 

TABLE 4 

Results Showing Area. Under the ROC Curve 

Asymptotic 95% Confidence 
Interval 

Area Std. Error Asymptotic Sig. Lower bound Upper bound 

878 O96 O18 689 1.066 

Notes: 
under the non-parametric assumption 
null hypothesis: true area = 0.5 

Example 2 
Association of Breast Cancer with 4 kb Deletion in 

Human mtDNA 

0113 Twenty breast tissue samples were collected, ten of 
which were malignant and ten of which had benign breast 

CT40 fluid 

Equal 
variances 
assumed 
Equal 
variances 
not 

assumed 

OO7 .934 1979 16 O6S 
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disease or no abnormalities. These samples were formalin 
fixed paraffin embedded and 20 micron sections of each were 
cut into individual sample tubes for extraction according to 
the manufacturer's protocol for the QiaAMP DNA Mini Kit 
(Qiagen P/N 51304). DNA was then quantified using a Nano 
drop ND-1000 and normalized to a concentration of 2 ng/ul. 
0114 Samples were then assayed for the levels of the 4 kb 
deletion by quantitative real-time PCR using the following 
protocol: 
0115 X iQ SYBR Green Supermix (Bio-Rad product no. 
170-8880) 
(0.116) 175 nmol forward primer (5'-TTGGTGCAACTC 
CAAAGCCACCCCTCACC-3') (SEQID NO: 4) 
(0.117) 175 nmol reverse primer (5'-AGGATGGTGGT 
CAAGGGAC-3) (SEQID NO: 5) 
0118 20 ng template DNA in a 25ul reaction 
0119 Reactions were cycled on an Opticon 2 DNA Engine 
(Bio-Rad Canada) according to the following protocol: 

0120 1.95° C. for 3 minutes 
0121 2.95° C. for 30 seconds 
0.122 3. 70° C. for 30 seconds 
(0123 4. 72° C. for 30 seconds 
0.124 5. Plate Read 
0.125 6. Repeat steps 2-544 times 
0.126 7. 72° C. for 10 minutes 
(O127 8. Melting Curve from 50° C. to 105° C., read 

every 1° C., hold for 3 seconds 
O128 9. 10° C. Hold 

0129. Tables 5 and 6, and FIG.3 show the difference in the 
mean C. Scores for breast tissue samples from Subjects having 
malignant breast tissue and benign breast tissue at the 0.065 
level. 

TABLE 5 

Mean Values for C, Scores: Breast Tissue Samples 

Group N Mean Std. Dev. Std. Error Mean 

Normal 9 21.5278 2.71939 90646 
Malignant 9 18.9089 2.89126 96375 

TABLE 6 

Significance Test for Mean CT scores 

Test for Equality Means 

Levenes 95% 
Test for Confidence 

Equality of Sig. Std. Interval of the 
Variances (2- Mean Error Difference 

F Sig. t df tailed) Diff. Diff. Lower Upper 

2.61889 1323.06 - 18588 542366 

1.979 15.94 O65 2.6.1889 1.32306 - 18674 S.424.52 
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0130 Tables 7 and 8, and FIG. 4 illustrate that when using 
a cut-off cycle threshold of 19.845 the sensitivity of the assay 
for breast cancer is 78% and the specificity is 78%. 
0131 FIG. 4 is an ROC curve illustrating the specificity 
and sensitivity of the 4 kb mtDNA deletion as a marker for 
breast cancer when testing breast tissue. These results were 
obtained using a cutoff C of 19.845. The sensitivity of the 
marker at this C is 78%, while the specificity is 78%. 
(0132) The determination of the cutoff C of 19.845 is 
shown in Table 7. The results listed in Table 7 show that a 
cutoffC of 19.845 provided the highest sensitivity and speci 
ficity. 
0133. The accuracy of the test depends on how well the 

test separates the group being tested into those with and 
without the breast cancer. Accuracy is measured by the area 
under the ROC curve. Table 8 shows the calculation of the 
area under the curve for the present example. 

TABLE 7 

Determination of Specificity and Sensitivity 

Positive ifs Sensitivity 1 - specificity 

15.28 OOO OOO 
16.305 ..111 OOO 
16.69 222 OOO 
17.075 .333 OOO 
17.4 .444 OOO 
17.71 .556 OOO 
18.0 .556 ..111 
18.835 SS6 .222 
19.415 667 222 
19.845 778 222 
20.475 778 .333 
10.79 778 .444 
21.38 778 .556 
22.OOS 778 667 
23.145 .889 667 
24.19 .889 778 
24.49 .889 .889 
25.21 1.OO .889 
26.66 1.OO 1.OO 

the smallest cutoffvalue is the minimum observed test value minus 1 and the largest cutoff 
value is the maximum observed test value plus 1. All the other cutoff values are the averages 
of two consecutive ordered observed test values. 

TABLE 8 

Results Showing Area. Under the ROC Curve 

Asymptotic 95% Confidence 
Interval 

Area Std. Error Asymptotic Sig. Lower bound Upper bound 
778 117 O47 S48 1.008 

Example 3 

Association of Prostate Cancer with 4 kb Deletion in 
Human mtDNA Using Needle Biopsy Samples 

0134) Prostate needle biopsy specimens were obtained 
from 19 individuals, 9 without prostate cancer and 10 with 
prostate cancer. Needle biopsy tissues were formalin-fixed 
paraffin embedded (FFPE) as is standard in the clinical diag 
nostic setting. 10 micron sections of each biopsy were depos 
ited directly into centrifuge tubes and the DNA was extracted 
using the QiaAMP DNA Mini Kit (Qiagen, pin 51306). DNA 
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extracts were quantified by absorbance at 260 nm using a 
NanoDrop ND-1000 Spectrophotometer. Yields ranged from 
347 ng to 750 ng. These samples were diluted to 2 ng/ul and 
amplification reactions setup according to Table 9 and the 
following: 

TABLE 9 

Reagents and Concentrations for 
Amplification Reaction 

Final Con 
Reagent centration 

iQ SYBR Green Supermix 1 X 
(Bio-Rad Laboratories, p/n 170-8882) 

Forward Primer 175 nmol 
123 O3- 12316/16243 - 16259F 
5 - CCCAAAAATTTTGGTGCAACTCCAAAGCCAC -3' 

(SEQ ID NO : 6) 

Reverse Primer 1641 OR 175 nmol 
5 - AGGATGGTGGTCAAGGGAC -3' 

(SEO ID NO. 5) 

DNA extract 0.8 ng/u1 

0.135 Nuclease-free water was added to a final reaction 
volume of 25 ul. Amplifications were carried out on a DNA 
Engine Chromo4 RealTime PCRInstrument (Bio-Rad Labo 
ratories) according the following cycling conditions: 
0.136) 1) 95° C. for 3 minutes 
I0137 2) Followed by 45 cycles of 
0.138 3) 95° C. for 30 seconds 
I0139 4) 69° C. for 30 seconds 
0140. 5) 72° C. for 30 seconds 
0141 6) Plate Read 

Then 

0142 7) 72° C. for 10 minutes 
0143 8) Melting Curve 50° C.-105° C. reading every 1 
C., hold for 3 seconds 
0144. 9) 4° C. Hold 
(0145 Results, shown in Table 10, demonstrate that those 
individuals with prostate cancer have a lower C. value and 
therefore higher levels of the 4 kb deletion in prostate tissue 
than do those without prostate cancer. Patients with prostate 
cancer have an average C value of 30.7 while the patients 
without prostate cancer have an average C. Value of 36.4. This 
difference of 5.7 C, corresponds to nearly 100 fold greater 4 
kb deletion levels in the group with prostate malignancy than 
in the group without. 

TABLE 10 

Patient Diagnosis and Associated C. Score 

Patient Number and Diagnosis C(t) 

CUG 1301 Malignant 25.7 
CUG 1268 Malignant 27.7 
CUGRN 345 Normal 28.3 
CUG 1272 Malignant 28.8 
CUG 1375 Malignant 29.1 
CUG 1259 Malignant 29.1 
CUG 1381 Malignant 30.2 
CUGRN 82 Normal 3O.S 
CUG 1372 Malignant 30.9 
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TABLE 10-continued 

Patient Diagnosis and Associated C. Score 

Patient Number and Diagnosis C(t) 

CUG 1085 CT1 Normal 31.5 
CUG 1317 Malignant 31.7 
CUG 1377 F Normal 33.6 
CUG 1365 BNormal 34.6 
CUG 1370 Malignant 35.9 
CUGRN 405 Normal 37.5 
CUG 1366 Malignant 37.9 
CUGRN 701 Normal 41.7 
CUGRN 420 Normal 45 
CUGRN 373 Normal 45 

0146 Tables 11 and 12 show the difference in the mean C. 
scores for prostate tissue samples from Subjects having nor 
mal and malignant prostate tissue. 

TABLE 11 

Mean Values for C. Score: Prostate Needle Biopsy Tissue 

Group N Mean Std. Dew. Std. Error Mean 

Normal 9 36.4111 6.25229 2.08410 
Malignant 10 30.7 3.69534 1.16857 

TABLE 12 
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TABLE 13-continued 

Determination of Specificity and Sensitivity 

Positive ifs Sensitivity 1 - specificity 

31.2 700 222 
31.6 700 .333 
32.65 800 .333 
34.1 800 .444 
32.25 800 .556 
36.7 900 .556 
37.7 900 667 
39.8 1.OOO 667 
43.35 1.OOO 778 
46.0 1.OOO 1.OOO 

0148 Although the invention has been described with ref 
erence to certain specific embodiments, various modifica 
tions thereof will be apparent to those skilled in the art with 
out departing from the spirit and scope of the invention as 
outlined in the claims appended hereto. All Such modifica 
tions as would be apparent to one skilled in the art are 
intended to be included within the scope of the following 
claims. All documents recited in the present application are 
incorporated herein by reference. 
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SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 6 

<21 Os SEQ ID NO 1 
&211s LENGTH: 3926 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 1 

taaaagtaat aaccatgcac act actataa ccaccctaac cctdact tcc ctaatticc cc 60 

ccatccttac caccc.tc.gtt aaccotaiaca aaaaaaactic at accc.ccat tatgtaaaat 12O 

ccattgtc.gc atccacctitt attat cagtic tott coccac aacaat attic atgtgcctag 18O 

accaagaagit tattatctog aactgacact gagccacaac ccaaacaacc cagotctic cc 24 O 

taagcttcaa act agacitac ttct c cataa tatt catc.cc tdtag cattg titcqttacat 3 OO 

ggit coat cat agaattct ca citgtgatata taaacticaga cc caaacatt aatcagttct 360 

tdaaatat ct act catcttic ctaattacca tactaatctt agttaccgct aacaac citat 42O 

to caactgtt catcggctga gaggg.cgtag gaattatat c cttcttgctic at cagttgat 48O 

gatacgc.ccg agcagatgcc aacacagoag cc attcaagc aatcctatac aaccogt at cq 54 O 

gccatat cqg titt catcctic go cittagcat gattitat cot acactic caac to atgaga cc 6 OO 

cacaacaaat agcc.cttcta aacgctaatc caagcct cac cc cact act a ggcct c ct co 660 

tag cago agc aggcaaatca gcc.caattag gt ct coaccc ct gact cocc to agccatag 72O 

aaggc.cccac cc cagt citca gcc.ct actic c acticaag cac tatagttgta gcaggaat ct 78O 

tottact cat cogct tccac cc cctagoag aaaatagc.cc actaatccaa acticta acac 84 O 
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- Continued 

tatgct tagg cqctat cacc actctgttcg cagcagtctg cqc cottaca caaaatgaca 9 OO 

tcaaaaaaat cqtagc ctitc. tcc acttcaa gtcaact agg act cataata gttacaatcg 96.O 

gcatcaiacca accacaccita gcatt cotgc acatctgtac ccacgc.cttic ttcaaagcca O2O 

tact atttat gtgctic cqgg to catcatcc acaac cittaa caatgaacaa gat attcgaa O8O 

aaataggagg act act caaa accatacctic ticactitcaac ctic cct cacc attggcago c 14 O 

tagcattagc aggaatacct titcct cacag gtttctactic caaagaccac atcatcgaaa 2OO 

cc.gcaaac at at catacaca aacgc.ctgag cccitat citat tact citcatc gctacct coc 26 O 

tgacaag.cgc ctatagdact cqaataattic ttct caccct aac aggt caa cct cqct tcc 32O 

ccaccc.ttac taacattaac gaaaataa.cc ccaccct act aaaccc.catt aaacgc.ctgg 38O 

cago cqgaag cctatt cqca ggatttctica ttactaacaa cattt coccc gcatcc.ccct 44 O 

tccaaacaac aatcc.ccctic tacctaaaac toacago colt c.gctgtcact titcc taggac SOO 

ttctaa.ca.gc cct agacct c aactacctaa ccaacaaact taaaataaaa tocccactat 560 

gcacatttta titt citccaac atact cqgat t ct accc tag cat cacacac cqcacaatcc 62O 

ccitat c tagg cct tcttacg agccaaaacc tdcc.cct act c ct coltagac cta acctgac 68O 

tagaaaagct attacctaaa acaattt cac agcaccalaat citccaccitcc atcat cacct 74 O 

caac ccaaaa aggcataatt aaactt tact tcc totctitt cittct tcc.ca ct catcc taa 8OO 

c cct actic ct aat cacataa cct attcc cc cdagcaatct caattacaat atatacacca 86 O 

acaaacaatgttcaac cagt aac tact act aatcaacgcc cataatcata caaagcc ccc 92 O 

gcaccalatag gatcct cocq aat caaccct gaccc ct ct c citt catalaat tatt cagctt 98 O 

cctacact at taaagtttac cacaaccacc accc.cat cat act ctitt cac ccacago acc 2O4. O 

aatcctacct c catcgctaa ccc cactaaa acact cacca agacct caac ccctgaccc.c 21OO 

catgcct cag gatact cotc aatagc.catc gctgtag tat atccaaagac aac catcatt 216 O 

cc.ccctaaat aaattaaaaa aact attaaa cccatataac citcc.cccaaa attcagaata 222 O 

ataacacacc cqaccacacc gctaacaatc aatactaaac ccc cataaat aggagaaggc 228O 

ttagaagaaa accccacaaa ccc cattact aaaccoacac toaacagaaa caaag catac 234 O 

at cattatt c ticgcacggac tacaaccacg accaatgata togaaaaacca totgttgtatt 24 OO 

t caact acaa gaacac caat gaccc caata cqcaaaacta accc.cctaat aaaattaatt 246 O 

aaccact cat t catcgacct c cccaccc.ca tocaa.catct c cqcatgatgaaactitcggc 252O 

t cactic ctitg gcgcct gcct gatcct coaa at caccacag gactatt cot agc catgcac 2580 

tact caccag acgcct caac cqc cttitt catcaatcqc.cc acat cacticg agacgtaaat 264 O 

tatggctgaa to atcc.gcta cct tcacgcc aatggcgcct caatatt citt tatctgcctic 27 OO 

titcc tacaca toggg.cgagg cct at attac ggat catttic tict acticaga aacctgaaac 276 O 

atcggcatta t cotcc togct togcaactata gcaa.cagcct t cataggcta tdtcct c cc.g 282O 

tgaggccaaa tat cattctgaggggccaca gtaattacaa act tactatic cqc catcc.ca 288O 

tacattggga Cagacctagt t caatgaatc taggaggct act cagtaga cagtc.ccacc 294 O 

ct cacacgat t ctittacct t t cactitcatc ttgcc ct tca ttattgcagc cctagdaaca 3 OOO 

citccacct co tatt cittgca cqaaacggga t caaacaacc ccc taggaat cacct cocat 3 O 6 O 

tccgataaaa to acct tcca ccct tactac acaatcaaag acgcc ct cqg citt acttctic 312 O 
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titcc ttct ct c cittaatgac attaa.cacta ttct caccag acctic ctagg cqacccagac 318O 

aattataccc tagcca acco cittaalacacc cct coccaca toaa.gc.ccga atgat atttic 324 O 

ctatt cqcct acacaattct c cqatcc.gtc. cctaacaaac taggaggcgt ccttgcc cta 33 OO 

ttact atcca tocticatcct agcaataatc cc catcc toc atatat ccaa acaacaaagc 3360 

ataatatttic gcc cactaag ccaat cactt tattgacticc tagcc.gcaga cct cotcatt 342O 

ctaacctgaa toggaggaca accagtaagc tacccttitta ccatcattgg acaagtagca 3480 

tcc.gtact at actt cacaac aatcc taatc ctaataccaa citat citc cct aattgaaaac 354 O 

aaaatactica aatgggcc td to cittgtagt ataaactaat acaccagtct totaaac cqg 36OO 

agatgaaaac ctittitt coaa gogacaaatca gagaaaaagt ctitta actic c accattagca 366 O 

cc caaagcta agattictaat ttaaactatt citctgttctt to atggggaa goagatttgg 372 O 

gtaccaccca agtattgact cacccatcaa caa.ccgctat g tattitcgta cattact gcc 378 O 

agccaccatgaat attgtac gigtaccataa at acttgacc acctgtagta cataaaaacc 384 O 

caatccacat caaaac cc cc ticciccatgct tacaa.gcaag tacagcaatc aaccotcaac 3900 

tat cacacat caactgcaac tocaaa 392.6 

<210s, SEQ ID NO 2 
&211s LENGTH: 3926 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 2 

tgcaacticca aataaaagta ataac catgc acact act at aaccacccta accctgacitt 6 O 

c cctaatticc ccc catcc tt accaccct cq tta accctaa caaaaaaaac toatacc ccc 12 O 

attatgtaaa atc cattgtc gcatccacct ttatt at cag totct tcc.cc acaacaatat 18O 

t catgtgcct agaccaagaa gtt attat ct cqaactgaca citgagccaca acccaaacaa 24 O 

cc.ca.gct citc cctaagct tcaaact agact acttctic cat aatatt catc cctdtag cat 3OO 

tgttcgttac atggtc catc atagaattct cactgtgata tataaactica gacccaaaca 360 

ttaatcagtt cittcaaatat c tact catct tcc taattac catactaatc ttagttaccg 42O 

ctaacaacct atticcaactg. t t catcggct gagaggg.cgt aggaattata t ccttcttgc 48O 

t catcagttg atgatacgcc cdagcagatg cca acacago agc cattcaa goaatcc tat 54 O 

acaa.ccgitat cqgcgatato ggttt catcc ticgcc ttagc atgattitatic ctacact coa 6OO 

act catgaga cccacaacaa atagocct tc taaacgctaa tocaa.gc.ctic accc.cactac 660 

taggcct c ct c ctago agca gcaggcaaat cagcc caatt agg to tccac ccctgacticc 72 O 

cct cagc.cat agaaggcc cc accc.cagt ct cagcc ct act c cact caagc act at agttg 78O 

tagcaggaat cittct tactic atcc.gct tcc accc.cctago agaaaatago coactaatcc 84 O 

aaactictaac actatoctita gg.cgctatica ccact citgtt cqcagcagtic togcgc.cctta 9 OO 

cacaaaatga catcaaaaaa atcgtagcct tct coacttic aagt caact a ggact cataa 96.O 

tagttacaat cqgcatcaac caaccacacic tag catt cott gcacatctgt acccacgc.ct 1 O2O 

tottcaaag.c catact attt atgtgctic cq ggit coat cat ccaca acctt aacaatgaac 108 O 

aagatatt cq aaaaatagga gqact actica aaaccatacct ct cact tca acctic cct ca 114 O 

c cattggcag cctago atta gcaggaatac ctitt.cct cac aggtttctac tocaaag acc 12 OO 
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acat catcga aaccocaaac atat cataca caaacgc.ctg agc cctatot attact citca 26 O 

tcqctacctic cct gacaa.gc gcc tatagca citcgaataat t cittct cacc ctaac aggto 32O 

aacct cqctt coccaccctt act aa catta acgaaaataa ccccaccct a ctaaaccoca 38O 

ttaaacgcct ggcago cqga agcctatt cq caggatttct cattactaac aacattt coc 44 O 

cc.gcatcc cc ct tccaaaca acaatcc.ccc tictacct aaa act cacagoc citcqctgtca SOO 

ctitt cotagg acttctaa.ca gcc ctaga cc ticaactacct aaccaacaaa cittaaaataa 560 

aatc.cccact atgcacattt tattt citcca acatact cqg attct accct agcatcacac 62O 

acco cacaat coccitaticta ggc ctitctta cdagccaaaa cct gcc.cct a citcct cotag 68O 

acct aacctg act agaaaag ct attaccta aaacaatttic acago accala atctocacct 74 O 

c catcatcac ct caac ccaa aaaggcataa ttaaactitta citt cotcitct ttcttct tcc 8OO 

cact catcct aaccct actic ctaat cacat aacct attcc ccc.gagcaat citcaattaca 86 O 

atatatacac caacaaacaa togttcaacca gtaac tacta ctaatcaacg cccataatca 92 O 

tacaaag.ccc cc.gcaccaat aggat.cct co cqaat caacc ctdaccc ct c ticcitt cataa 98 O 

attatt cago titcctacact attaaagttt accacaiacca ccaccc.catc atact ctitt c 2O4. O 

acccacagca ccaatcctac ctic catcgct aacco cacta aaacact cac caagacct ca 21OO 

accc.ctgacc cc catgcct c aggatact co toaatagcca togctgtagt at atccaaag 216 O 

acalaccat Cal titcCCCCtaa atalaattaala aaaact atta aac Coatata acctic cocca 222 O 

aaattcagaa taataacaca ccc.gaccaca cc.gctaacaa totaatactaa acc cc cataa 228O 

ataggagaag gcttagaaga aaaccccaca aacco catta ctaaacccac act caacaga 234 O 

aacaaag.cat acat catt at t ct cqcacgg act acaacca cqaccaatga tatgaaaaac 24 OO 

catcgttgta tittcaactac aagaacacca atgaccc caa tacgcaaaac taaccc.ccta 246 O 

ataaaattaa ttaaccactic attcatcgac ctic cccaccc catccaa.cat citcc.gcatga 252O 

tgaaactt.cg gct cactic ct toggcgc.ctgc ctdatcc toc aaatcaccac agg act attic 2580 

ctagocatgc act act cacc agacgc.ctica accoccittitt catcaatcqc coacat cact 264 O 

cgagacgtaa attatggctgaat catcc.gc tacct tcacg ccaatggcgc ct caatatt c 27 OO 

tittatctgcc tict tcc taca catcgggcga gqcctatatt acggat catt tot ct actica 276 O 

gaaacctgaa a catcggcat tat cotcc tig cittgcaacta tagcaa.cago citt cataggc 282O 

tatgtc.ct co cqtgaggcca aatat cattctgaggggcca cagtaattac aaact tact a 288O 

tcc.gc.cat co catacattgg gacagacicta gttcaatgaa tictgaggagg Ctact cagta 294 O 

gacagt ccca ccct cacacg attctttacc titt cact tca tottgcc citt cattattgca 3 OOO 

gcc.ctagoaa cacticcacct c ct attcttg cacgaaacgg gatcaaacaa ccc cc tagga 3 O 6 O 

atcacctic cc attic.cgataa aat cacct tc. caccct tact acacaat caa agacgcc ct c 312 O 

ggct tactitc. tct tcc ttct citccittaatg acattaacac tatt ct cacc agacctic cta 318O 

gg.cgacccag acaattatac cctagocaac ccc.ttaalaca ccc ct cocca catcaag.ccc 324 O 

gaatgatatt toc tatt cqc ctacacaatt citccgatcc.g. tcc ctaacaa act aggaggc 33 OO 

gtcc ttgc cc tattact atc catcc to atc ctagdaataa tocc catcct c catatat co 3360 

aaacaacaaa gcataatatt togcc cacta agccaat cac tittattgact c ctagocgca 342O 

gacctic ct cattctaacctgaatcqgagga caaccagtaa gct accottt taccatcatt 3480 
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ggacaagtag catc.cgtact at actitcaca acaatcc taa toctaatacc aactatotic c 354 O 

ctaattgaaa acaaaatact caaatgggcc tdtcc ttgta gtataaacta atacaccagt 36OO 

cittgtaaacc ggagatgaaa acctttitt co aagga caaat cagagaaaaa gtc.tttaact 366 O 

ccaccattag cacccaaag.c taagatticta atttaaacta ttct ctdttic titt catgggg 372 O 

aagcagattt ggg taccacc caagtattga ct cacccatc aacaa.ccgct atgtattitcg 378 O 

tacattactg cca.gccacca tdaat attgt acggtaccat aaatacttga ccacctgtag 384 O 

tacataaaaa cccaatccac atcaaaac cc cct coccatg cittacaa.gca agtacagdaa 3900 

toalaccCtca act atcacac at Caac 392.6 

<210s, SEQ ID NO 3 
&211s LENGTH: 16.569 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (31 O7) . . (3107 
<223> OTHER INFORMATION: n is a, c, g, or t 

<4 OOs, SEQUENCE: 3 

gat cacaggit citat caccct attaaccact cacgggagct ct c catgcat ttgg tattitt 6 O 

cgtctggggg gtatgcacgc gatagcattg cgagacgctg gagcc.ggagc accctatgtc. 12 O 

gcagtatctg. tctittgattic ctdcct catc ct attattta t cqcaccitac gttcaatatt 18O 

acagg.cgaac atact tacta aagtgttgtta attaattaat gcttgtagga cataataata 24 O 

acaattgaat gtctgcacag ccactitt.cca cacagacatc ataacaaaaa attitccacca 3OO 

aaccc.ccc ct c ccc.cgctitc toggccacago acttaaacac atctotgcca aacco caaaa 360 

acaaagaacc ctaacaccag cct aaccaga tittcaaattt tat cittittgg cqg tatgcac 42O 

ttittaa.cagt caccc.cccaa ctaacacatt attitt cocct c cc actic cca tact actaat 48O 

ct catcaata caa.ccc.ccgc ccatcct acc cagcacacac acaccgctgc taaccc.cata 54 O 

cc.ccgaacca accaaacccc aaaga caccc cccacagttt atgtagctta cct cotcaaa 6OO 

gcaatacact gaaaatgttt agacgggctic acat cacccc ataaacaaat aggtttggtc 660 

ctagocttitc tattagct ct tagtaagatt acacatgcaa gcatcc.ccgt to cagtgagt 72 O 

t cacccticta aat caccacg atcaaaagga acaag catca agcacgcagc aatgcagotc 78O 

aaaacgctta gcc tagccac accc.ccacgg gaalacagcag togattaacct ttagcaataa 84 O 

acgaaagttt alactaagcta tactalacc cc agggttgg to aattt cqtgc cagccaccoc 9 OO 

ggtcacacga tta acccaag ticaatagaag ccggcgtaaa gagtgttitta gat caccCCC 96.O 

t ccc caataa agctaaaact cacctgagtt gtaaaaaact c cagttgaca caaaatagac 1 O2O 

tacgaaagtg gctittaa.cat atctgaacac acaatagcta agacic caaac tdggattaga 108 O 

taccc.cacta togcttagc cc taalacct caa cagittaaatc aacaaaact g c togccagaa 114 O 

Cactacgagc cacagcttaa aactcaaagg acctggcggit gct tcat at C cct ctagagg 12 OO 

agcc togttct gtaatcgata aacco catc aacct cacca cct cittgctic agcctatata 126 O 

cc.gc.catctt Cagcaaac cc tatgaaggc tacaaagtaa gcgcaagtac C cacgtaaag 132O 

acgittagg to aaggtgtagc C catgaggtg gcaagaaatg ggctacattt tot accc.ca.g 1380 

aaaactacga tagcc.ctt at gaaacttaag ggtcgaaggt ggatttagca gtaalactaag 144 O 
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agtagagtgc titagttgaac agggc cct ga agcgc.gtaca Caccgc.ccgt. Caccctic ct c SOO 

aagtatactt caaaggacat ttalactaaaa ccc.ctacgca tittatataga gqagacaagt 560 

cgta acatgg taagtgtact ggaaagtgca Cttggacgaa ccagagtgta gcttalacaca 62O 

aagcacccaa cittacactta ggagatttica actta acttig accogctctga gctaalaccta 68O 

gcc.ccaaacc cacticcacct tactaccaga caaccittagc caaac cattt acccaaataa 74 O 

agtataggcg atagaaattgaaacctggcg caatagatat agtaccgcaa gggaaagatg 8OO 

aaaaattata accaag cata atatagdaag gactaac ccc tatacct tct gcataatgaa 86 O 

ttaact agaa atalactittgc aaggagagcc aaa.gctalaga CCC cc.gaaac Cagacgagct 92 O 

acct aagaac agctaaaaga gcacaccc.gt Citatgtagca aaatagtggg aagatttata 98 O 

ggtagaggcg acaaacctac Cagcctggit gatagctggt titcCaagat agaatct tag 2O4. O 

ttcaactitta aatttgcc.ca cagaaccotic taaatcc cct totaaattta actgttagt c 21OO 

caaagaggaa cagctictttg gaCactagga aaaaaccttg tagagagagt aaaaaattta 216 O 

acacccatag taggcc taaa agcagccacc aattaagaaa gcgttcaagc ticaac accca 222 O 

ctacctaaaa aatcc.caaac atata actga act cotcaca cccaattgga ccaat citatic 228O 

accctataga agaactaatgttagtataag taa catgaaa acattct cot cogcataagc 234 O 

ctg.cgt caga ttaaaacact gaactgacaa tta acagc.cc aatat ctaca atcaaccaac 24 OO 

aagt catt at taccct cact gttcaa.cccaa cacaggcatg ct cataagga aaggittaaaa 246 O 

aaagtaaaag gaact cqgca aatcttaccc cqcct gttta ccaaaaa.cat cacct ctago 252O 

atcaccagta ttagaggcac cqc ctg.ccca gtgacacatgtttaacggcc gcggit accct 2580 

aaccotgcaa agg tag cata at cacttgtt cottaaatag gigacctgitat gaatggcticc 264 O 

acgagggttc agctgtct ct tacttittaac Cagtgaaatt gacctgc.ccg talagaggcg 27 OO 

ggcatalacac agcaagacga galagacccta tigagctitta atttattaat gcaaacagta 276 O 

cctaacaaac ccacaggit co taalactacca aacctgcatt aaaaattitcg gttgggg.cga 282O 

Cctcggagca galacccalacc ticcgagcagt acatgctaag act tcaccag ticaaag.cgaa 288O 

c tactatact caattgat co aataacttga ccaacggaac aagttaccct agggataa.ca 294 O 

gcqcaatcct attctagagt ccatat caac aatagggittt acgacct cqa togttggat.ca 3 OOO 

ggacatcc.cg atggtgcagc cqct attaaa ggttcgtttgttcaacgatt aaagt cctac 3 O 6 O 

gtgatctgag titcagaccgg agtaatccag gtcggitttct atc tacntt c aaatticcitcc 312 O 

Ctgtacga aa gga caa.gaga aataaggcct actt cacaaa gcgc.ctt.ccc ccgtaaatga 318O 

tat catctica act tag tatt at acccacac ccacc caaga acagggitttgttaagatggc 324 O 

agagc.ccggit aatcgcataa aacttaaaac tttacagtica gaggttcaat tcc tott citt 33 OO 

aacaacatac ccatggccaa cct cotactic ct cattgtac ccattctaat cqcaatggca 3360 

titcc taatgc titaccgaacg aaaaatticta ggctatatac aactacgcaa aggc.cccaac 342O 

gttgtaggcc cctacgggct act acaac cc titcgctgacg ccataaaact citt caccaaa 3480 

gag.ccc.ctaa aaccogccac atctaccatc accct ctaca to accqc coc gacct tagct 354 O 

citcaccatcg ct cittctact atgaaccocc ctic cc catac cca accc cct ggit caac ct c 36OO 

aacctaggcc ticcitattt at t ctagocacc tictagoctag ccgtt tactic aatcct ctoga 366 O 

t cagggtgag catcaaactic aaact acgcc ctgat cqgcg cactg.cgagc agtagcc caa 372 O 
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acaatctgat atgaagttcac cctagocatc attctactat caa.cattact aataagtggc 378 O 

t cctittaa.cc tict coaccct tat cacaa.ca caagaac acc tictdattact c ctdc catca 384 O 

tgaccc.ttgg ccataatatg atttatct co acactagoag agaccaa.ccg aaccoccitt c 3900 

gaccttgc.cg aaggggagtic caac tagtc. tcaggct tca acatcgaata cqc.cgcaggc 396 O 

c cct tcgc.cc tatt citt cat agc.cgaatac acaaacatta ttataataaa caccct cacc 4 O2O 

actacaatct tcc taggaac aacatatgac goactict coc ctdaacticta cacaa catat 4 O8O 

tttgtcacca agaccc tact tctaacct co citgttctitat gaatt cqaac agcataccc.c 414 O 

cgatt.ccgct acgaccaact catacacctic ctatogaaaaa act tcct acc act cacccta 42OO 

gcattactta tatgatatgt ct c cataccc attacaatct coagcattcc ccctcaaacc 426 O 

taagaaatat gtctgataaa agagttactt tdatagagta aataatagga gotta aaccc 432O 

ccittatttct aggactatga gaatcgaacc catcc ctdag aatccaaaat t ct cogtgcc 438 O 

accitat caca ccc catcc ta aagta agg to agctaaataa gctat cqggc ccataccc.cg 4 44 O 

aaaatgttgg ttataccct t c cc.gtactaa ttaatcc cct gg.cccaa.ccc gtcatctact 4500 

ctaccatctt togcaggcaca ct cat cacag cqctaagctic gcactgattt tttacct gag 456 O 

taggcc taga aataaacatg ctagotttta t t c cagttct aaccaaaaaa ataaaccotic 462O 

gttccacaga agctgc catc aag tatttico toacgcaa.gc aacco catcc ataatcc titc 468O 

taatagctat cotcttcaac aatatact ct c cqgacaatgaac catalacc aatactacca 474. O 

atcaat actic at cattaata at cataatag ctatagdaat aaaac tagga atagocc cct 48OO 

ttcactitctgagt cccagag gttacccaag goacc cct cit gacatccggc ctdct tcttic 486 O 

t cacatgaca aaaactagoc cc catctoraa toatatacca aatct ct coc toactaaacg 492 O 

taagcc ttct c ct cactic to tcaat cittat coat catago aggcagttga gqtggattaa 498O 

accaaaccca gctacgcaaa at cittagcat act cotcaat tacccacata ggatgaataa 5040 

tagcagttct accogtacaac cctaa cataa ccatt cittaa tittaactatt tat attatcc 51OO 

taac tactac cqcatt cota c tact caact taalactic cag caccacgacc ctact actat 516 O 

citcgcacctgaaacaa.gcta acatgactaa caccc.ttaat tccatccacc citcct ct coc 522 O 

taggaggcct gcc.ccc.gcta accggcttitt toccaaatg ggc catt at C gaagaattica 528 O 

caaaaaacaa tagcct catc atc.cccacca toatagocac cat caccctic cittaacct ct 534 O 

acttctacct acgc.ctaatc tactic cacct caat cacact act coccata t ctaacaacg 54 OO 

taaaaataaa atgacagttt gaa catacaa aacco acccc attcc tocc c acact catcg 546 O 

c cct taccac gctact cota cctat citc cc ctitttatact aataatctta tagaaattta 552O 

ggittaaatac agaccalagag cct tcaaag.c cct cagtaag ttgcaatact taatttctgt 558 O 

aacagotaag gactgcaaaa ccc cactctg catcaactga acgcaaatca gcc actittaa 564 O 

ttaa.gctaag ccct tactag accaatggga cittaaac cca caaac actta gttaa.ca.gct st OO 

alagcacccta at Caactggc titcaatctac ttct ccc.gcc gcc.gggaaaa aaggcgggag 576. O 

aag.ccc.cggc aggtttgaag ctgcttctitc gaatttgcaa ttcaatatga aaatcacctic 582O 

ggagctggta aaaagaggcc taaccc.ctgt ctittagattt acagt coaat gct tcactica 588 O 

gccattttac ct cacc ccca citgatgttcg ccg accqttg act attct ct acaaaccaca 594 O 

aaga cattgg aac act at ac ct attatt.cg gcgcatgagc tiggagtic ct a ggcacagctic 6 OOO 
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cc.ccct ctag agcc.cactgt aaa.gctaact tag cattaac cittittaagtt aaagattaag 834 O 

agaaccaa.ca cct citttaca gtgaaatgcc ccaactaaat act accitat gg.cccaccat 84 OO 

aattacCCCC at actic Citta Cactatto: ct cat CaccCala Ctaaaaatat taalacacaaa. 846 O 

ctaccaccita cct coct cac caaagcc.cat aaaaataaaa aattataa.ca aaccotgaga 852O 

accaaaatga acgaaaatct gttcgctt catt cattgc.cc ccacaatcct aggcc taccc 858 O 

gcc.gcagtac tdatcattct atttic ccc ct c tattgatcc ccacctic caa at atctoratic 864 O 

aacaac cqac taatcaccac ccaacaatga ctaatcaaac taacct caaa acaaatgata 87OO 

accatacaca acactaaagg acgaacctga t ct cittatac tagtatic ctit aat catttitt 876O 

attgccacaa ctaacctic ct cqgacticcitg cct cact cat ttacaccaac cacccaacta 882O 

tctataaacc tagc.catggc catcc cctta tdagcgggca cagtgattat aggctitt cqc 888 O 

tctaagatta aaaatgcc ct agcc.cactitc ttaccacaag gcacaccitac acc cctitatic 894 O 

cc catactag titattatcga aac catcago C tact cattcaac caatago cotggcc.gta 9 OOO 

cgcc taac cq ctaacattac togcaggccac c tact catgc acctaattgg aagcqccacc 906 O 

ctagoaatat caaccattaa cct tccct ct acactitat catct tcacaat t ctaatticta 912 O 

ctgactatico tagaaatcgc tigt cqcctta atccaagcct acgttitt cac acttctagta 918O 

agcct c tacc togcacgacaa cacataatga cccaccaatc acatgccitat catatagtaa 924 O 

aacccago'cc atgacc ccta acaggggg cc tict cago colt cctaatgacc ticcggcc tag 93 OO 

c catgtgatt toactitccac to cataacgc ticct catact aggcc tacta accaacacac 936 O 

talaccatata C caatgatgg cqc gatgtaa cacgagaaag cacataccala ggccaccaca 942O 

caccacctgt ccaaaaaggc ctitcgatacg ggataatcct atttattacct cagaagttt 948O 

ttitt ctitcgc aggatttittctgagccttitt accactic cag cctagoc cct accc.cccaat 954 O 

taggagggca citggcc ccca acaggcatca ccc.cgctaaa toccctagaa gtc.ccacticc 96.OO 

taaa.ca catc cqtatt actic goat caggag tat caat cac ctdagct cac catagt ctaa 966 O 

tagaaaacaa ccgaaaccaa ataattcaag cactgctitat tacaattitta citgggtotct 972 O 

attittaccct c ctacaagcc ticagagtact tcgagtc. tcc citt caccatt toccacggca 978 O. 

tctacggctic aacatttittt gtagccacag gottccacgg actitcacgt.c attattggct 984 O 

caactitt cct cactat citgc titcatcc.gcc aactaatatt to actttaca tocaaac atc 9900 

actittggctt cqaag.ccgcc gcc tdatact ggcattttgt agatgtggitt tact atttic 996 O 

tgitatgtctic catctattga tigagggtott act ctitt tag tataaatagt accqttaact OO2O 

tccaattaac tagttittgac aac attcaaa aaagagtaat aaactitcgcc ttaattittaa OO8O 

taatcaacac cct cotagcc titact actaa taatt attac attittgact a ccaca actica O14 O 

acggctacat agaaaaatcc acccottacg agtgcggctt cqaccctata t cc ccc.gc.cc O2OO 

gcqtcc ctitt citc cataaaa ttcttct tag tagct attac citt cittatta tittgatctag O26 O 

aaattgcc ct c ctitttaccc ctaccatgag ccctacaaac aacta acct g c cactaatag O32O 

titatgtcatc cct citt atta atcatcatcc tagcc ctaag totggccitat gag tdactac O38O 

aaaaaggatt agactgaacc gaattggitat at agtttaaa caaaacgaat gattt cqact O44 O 

cattaaatta tdataatcat atttaccalaa tdcc.cct cat ttacataaat attatac tag OSOO 

catttaccat ct cactitcta ggaatactag tatat cqctic acacct cata t cct c cctac O560 
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tatgcc taga aggaataata citat cqctgt to attatago tact citcata accct caa.ca O62O 

cc cact coct cittagc caat attgttgccta ttgccatact agt ctittgcc gcc tigcgaag O68O 

cagoggtggg cctago ccta ctagt citcaa tot coaacac atatggcct a gactacgitac Of 4 O 

at aacctaaa cct act coaa togctaaaact aatcgt.ccca acaattatat tactaccact O8OO 

gacatgact t t coaaaaaac acataatttgaat caacaca accacccaca gcc taattat O 860 

tagcatcatc cct ctact at tttittaacca aatcaacaac aacct attta gctgttc.ccc O92O 

aaccttitt co toccaccc cc taacaacccc cct cotaata ctaactacct gactic ct acc O98O 

cct cacaatc atggcaa.gcc aacgc.cactt atc.ca.gtgaa ccactat cac gaaaaaaact O4 O 

ctacct ct ct atactaatct c cctacaaat citcct taatt ataac attca cagccacaga 1OO 

actaat cata ttittatat ct tctitcgaaac cacactitatic cccaccittgg citat cat cac 16 O 

ccgatgaggc aaccago cag aacgc.ctgaa cqcaggcaca tact tcc tat t ct acac cct 22 O 

agtaggct co citt coccitac to atcgcact aatttacact cacaacaccc taggct cact 28O 

aaac attcta c tact cactic ticactg.ccca agaactatoa aactic ct gag ccaacaactt 34 O 

aatatgacta gcttacacaa tagcttittat agtaaagata cct citttacg gactic cactt 4 OO 

atgacticcict aaa.gcc catgtcgaa.gc.ccc catcgctggg toaatagitac ttgcc.gcagt 460 

act cittaaaa citagg.cggct atggtataat acgcct caca ct cattctica acc ccct gac 52O 

aaaacacata gcc tacccct tcc ttgtact atc cc tatga gccataatta taacaagctic 58 O 

catctgccta cqacaaacag acctaaaatc gct cattgca tactic ttcaa totagocacat 64 O 

agcc ct cqta gtaacago cattct catcca aaccocctga agctt caccg gcgcagt cat 7 OO 

t ct cataatc gcc cacgggc tita catcct c attac tatto togcctagdala act caaacta 760 

cgaacgcact cacagt cqca toataatcct ct citcaagga cittcaaactic tactic cc act 82O 

aatagotttt tdatgactitc tagcaa.gc.ct cqcta acctic gcc ttacccc ccact attaa 88O 

cc tactggga gaact citctg togctagtaac cacgttct co tdatcaaata t cact ct cot 94 O 

acttacagga citcaiacatac tagt cacago cct at acticc citctacatat ttaccacaac 2 OOO 

acaatgggg.c ticactic acco accacattaa caa.cataaaa ccct cattca cacgagaaaa 2O6 O 

caccct catgttcatacacc tat cocccat t ct cotccta t coct caacc ccgacat cat 212 O 

taccgggttt tocticttgta aatatagttt aaccaaaa.ca toagattgttgaatctgacaa 218O 

cagaggctta cqaccc citta tttaccaga aagct cacaa gaactgctaa ct catgc.ccc 224 O 

catgtc.t.aac aacatggctt tot caactitt taaaggataa cagctat coa ttggit cittag 23 OO 

gcc.ccaaaaa ttittggtgca act coaaata aaagtaataa ccatgcacac tactata acc 2360 

acccta accc tact tcc ct aattic ccc cc atcct tacca ccct cqttaa ccctaacaaa 242 O 

aaaaact cat acc cccatta totaaaatcc attgtc.gcat ccacctittat tat cagt ct c 248O 

titc.cccacaa caatatt cat gtgcc tagac caagaagtta ttatctogaa citgacactga 254 O 

gccaca accc aaacaa.ccca gct ct cocta agcttcaaac tag act actt citc cataata 26 OO 

ttcatc cctd tag cattgtt cqttacatgg to cat catag aattct cact gtgatatata 266 O 

aact cagacc caaacattaa toagttcttcaaat atctac to atct tcct aattaccata 272 O 

ctaatct tag ttaccgctaa caacctatt c caactgttca toggctgaga gqq.cg tagga 2780 

attatat cct tcttgct cat cagttgatga tacgc.ccgag cagatgccaa cacagcago c 284 O 
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attcaa.gcaa toctatacaa ccgitat cqgc gatat cqgtt to atcct cqc cittagcatga 29 OO 

tittatcctac act coaactic atgagaccca caacaaatag ccc.ttctaaa cqctaatcca 296 O 

agcct caccc cactac tagg cct cotcc ta gcago agcag gcaaatcagc cca attaggit 3O2O 

citccacccct gacticc cct c agc catagaa gcc.cccaccc cagtc.tcagc cct actic cac 3O8O 

t caa.gcacta tagttgtagc aggaatctitc titact catcc gct tccaccc cctagoagaa 314 O 

aatagoccac taatccaaac totaacacta tdottagg.cg citat caccac totgttcgca 32OO 

gcagtctg.cg ccc.ttacaca aaatgacatc aaaaaaatcg tagcc ttctic cacttcaagt 326 O 

caac taggac toataatagt tacaatcggc atcaaccaac cacacctago attcc tigcac 332O 

atctgtaccc acgcct tctt caaagccata ctatt tatgt gct cogggit c catcatccac 3380 

aaccittaa.ca atgaacaaga tatt cqaaaa ataggaggac tactcaaaac catacct ct c 344 O 

acttcaacct c cct caccat tdgcagocta gcattagcag gaatacctitt cott cacaggit 3500 

ttct acticca aagaccacat catcgaaacc gcaaacatat catacacaaa cqcct gagcc 3560 

citat ct atta citct catcgc tacct coctd acaag.cgcct atago acticg aataatt citt 362O 

citcaccctaa cagg to aacc ticgct tcc cc accct tacta acattaacga aaataac ccc 3 680 

accc tactaa accc.cattaa acgc.ctggca gcc.ggaagcc tattogcagg atttct catt 37.4 O 

actaacaa.ca ttt coccc.gc atcc.ccct tc caaacaacaa tocc cct ct a cctaaaactic 38OO 

acagcc ct cq ctgtcactitt cotaggact t c talacagc.cc tag acct caa citaccta acc 386 O 

aacaaactta aaataaaatc cccactatgc acattittatt tot coaa.cat act cqgattic 392 O 

taccctagoa toacacaccg cacaatcc cc tat citaggcc ttcttacgag ccaaaac citg 398 O 

cc cc tact co toctag acct aacctgacta gaaaagctat tacctaaaac aattt cacag 404 O 

caccaaatct c cacct coat cat cacctica acccaaaaag gcataattaa actitt acttic 41OO 

citct ctittct tct tcc cact catcc taacc c tact cotaa toacatalacc tatt coccc.g 416 O 

agcaatctica attacaat at atacaccaac aaacaatgtt caaccagtaa c tact actaa 422 O 

t caacgc.cca taat cataca aagcc.ccc.gc accaatagga t cotc.ccgaa toaac cctoga 428O 

cc cct citcct t cataaatta titcagct tcc tacact atta aagtttacca caaccaccac 434 O 

cc catcatac tottt caccc acago accaa toctacctico atcgctaacc ccactaaaac 44 OO 

acticaccaag acct caac cc ctdaccc.cca togcct cagga tactic ct caa tagccatcgc 4 460 

tgtagtatat coaaagacaa ccatcatt co coctaaataa attaaaaaaa citattaalacc 452O 

catata acct c ccc.caaaat t cagaataat alacacacccg accacaccgc taacaat caa 458 O 

tact aaac cc ccataaatag gagaaggctt agaagaaaac cccacaaacc ccattactaa 464 O 

acccacactic aacagaaaca aag catacat cattatt citc gcacggact a caaccacgac 47 OO 

caatgatatgaaaaac catc gttgt atttic aactacaaga acaccaatga ccc caatacg 476 O 

caaaactaac ccc ctaataa aattaattaa ccact cattc atcgacctic c ccaccc.catc 482O 

caa.cat ct co goatgatgaa actitcggctic act cottggc gcc togcctga t cct c caaat 488 O 

caccacagga citatt cotag ccatgcacta ct caccagac gcc to aacco cotttitcatc 494. O 

aatcgc.ccac at cact coag acgtaaatta tdgctgaatc atcc.gct acc titcacgc.caa 5 OOO 

tgg.cgc.ctica at attctitta t ctdoctott cotacacatc gggcgaggcc tat attacgg 5060 

at catttctic tact cagaaa cct galaacat cqgcattatc ctic ctdcttg caactatagc 512 O 
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alacagcct tc at aggctatgtc.ct ccc.gtg aggccaaata t cattctgag gggccacagt 518O 

aattacaaac titact atc.cg ccatcc cata cattgggaca gacct agttcaatgaatctg 524 O 

aggaggctac toagtagaca gtc.ccaccct cacacgattic tittacctitt c actt catctt 53 OO 

gcc.ctt catt attgcago cc tagcaa.cact c cacctic cta ttcttgcacg aaacgggat.c 536 O 

aaacaa.cccc ctaggaatca cct co cattc cqataaaatc acct tccacc ctitact acac 542O 

aatcaaagac gcc ct cqgct tacttct citt cottct citcc ttaatgacat taacactatt 548 O 

citcaccagac citcc taggcg acccagacaa ttatacccta gccaa.cccct taalacac ccc 554. O 

t ccc.ca catc aagc.ccgaat gat atttic ct attcgcc tac acaattctic c gatcc.gt ccc 5 6.OO 

taacaaacta ggaggcgt.cc ttgcc ctatt act atccatc ct catcc tag caataatcc c 566. O 

catcct coat at atccaaac aacaaag.cat aatattt cqc ccactaagcc aat cactitta 572 O 

ttgacticcita gcc.gcagacc ticct cattct aacctgaatc ggaggacaac cagtaagcta 578 O. 

c cct tttacc at cattggac aagtag catc cqtactatac titcacaacaa toctaatcct 584 O 

aataccaact atc toccitaa ttgaaaacaa aatactcaaa togggcctgtc. cittgtag tat 59 OO 

aaactaatac accagt cittg taalaccggag atgaaaacct ttitt.ccaagg acaaatcaga 596 O 

gaaaaagt ct tta act coac cattagcacc caaagctaag attctaattit aaact attct 6O20 

ctgttctittc atggggaagc agatttgggt accacccaag tattgactica cc catcaa.ca 608 O 

accoctatgt attitcgtaca ttact.gc.cag ccaccatgaa tattgtacgg taccatalaat 614 O 

acttgaccac ctdtag taca taaaaaccca atcca catca aaaccc.cctic cc catgctta 62OO 

caa.gcaagta cagcaatcaa ccct caacta t caca catca actgcaactic caaagccacc 626 O 

cct cacccac taggatacca acaaacctac ccacc cittaa cagtacatag tacataaagc 632O 

catttaccgt acatagdaca ttacagt caa atc ccttct c gtc.cc catgg atgaccc.ccc 638O 

t cagataggg gtc.ccttgac cac catcct c cqtgaaatca at atc.ccgca caagagtgct 644. O 

actict cct cq Ctc.cgggc cc ataac acttgggggtagcta aagtgaactg. t at Cogacat 65OO 

ctggttccta citt cagggit cataaag.ccta aatagoccac acgttcc cct taaataagac 656. O 

atcacgatg 6569 

<210s, SEQ ID NO 4 
&211s LENGTH: 29 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 4 

ttggtgcaac tocaaa.gc.ca ccc ct cacc 29 

<210s, SEQ ID NO 5 
&211s LENGTH: 19 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer. 

<4 OOs, SEQUENCE: 5 

aggatggtgg toalagggac 19 
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<210s, SEQ ID NO 6 
&211s LENGTH: 31 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 6 

cc caaaaatt ttggtgcaac tocaaag.cca c 

1. A method of detecting a cancer in an individual com 
prising: 

a) obtaining a biological sample from the individual; 
b) extracting mitochondrial DNA (mtDNA) from the 

sample: 
c) quantifying the amount of mtDNA in the sample having 

a deletion in the mtDNA sequence between about resi 
due 12317 and about residue 16254 of the human 
mtDNA genome; and 

d) comparing the amount of mtDNA in the sample having 
the deletion to at least one known reference value. 

2. The method of claim 1 wherein the deletion has a 
sequence as set forth in SEQID NO: 1 or SEQID NO: 2. 

3. The method of claim 1 wherein the at least one known 
reference value is the amount of the deletion in a reference 
sample of mtDNA from known non-cancerous tissue or body 
fluid. 

4. The method of claim3 wherein an elevated amount of the 
deletion in the biological sample compared to the reference 
sample is indicative of cancer. 

5. The method of claim 4 further comprising the step of 
comparing the amount of mtDNA in the sample having the 
deletion to the amount of the deletion in a reference sample of 
mtDNA from known cancerous tissue or body fluid. 

6. The method of claim 1 wherein the at least one known 
reference value is the amount of the deletion in a reference 
sample of mtDNA from known cancerous tissue or body 
fluid. 

7. The method of claim 6 wherein a similar level of the 
deletion in the biological sample compared to the reference 
sample is indicative of cancer. 

8. The method of claim 7 further comprising the step of 
comparing the amount of mtDNA in the sample having the 
deletion to the amount of the deletion in a reference sample of 
mtDNA from known non-cancerous tissue or body fluid. 

9. The method of claim 1 wherein the step of quantifying is 
conducted using real-time PCR. 

10. The method of claim 1 wherein the quantifying of the 
deletion includes first amplifying a target region of mtDNA 
that is indicative of the deletion, and quantifying the amount 
of the amplified target region. 

11. The method of claim 10 wherein a PCR primer having 
a sequence corresponding to SEQID NO. 4 is used as part of 
a pair of amplification primers for amplifying the target 
region. 

12. The method of claim 1 wherein the cancer is prostate 
CaCC. 

13. The method of claim 1 wherein the cancer is breast 
CaCC. 

14. The method of claim 1 wherein the biological sample is 
a body tissue or body fluid. 

31 

15. The method of claim 14 wherein the biological sample 
is selected from the group consisting of breast tissue, prostate 
tissue and urine. 

16. The method of claim 10 wherein the reference value is 
a cycle threshold. 

17. A method of monitoring an individual for the develop 
ment of a cancer comprising: 

a) obtaining a biological sample: 
b) extracting mitochondrial DNA (mtDNA) from the 

sample: 
c) quantifying the amount of mtDNA in the sample having 

a deletion in the mtDNA sequence between about resi 
due 12317 and about residue 16254 of the human 
mtDNA genome; and 

d) repeating steps a) to c) over a duration of time; 
wherein an increasing level of the deletion over the duration 
of time is indicative of cancer. 

18. The method of claim 17 wherein the deletion has a 
sequence as set forth in SEQID NO: 1 or SEQID NO: 2. 

19. The method of claim 17 further comprising at least one 
step selected from the group consisting of: (a) comparing the 
amount of mtDNA in the sample having the deletion to the 
amount of the deletion in a reference sample of mtDNA from 
known non-cancerous tissue or body fluid, and (b) comparing 
the amount of mtDNA in the sample having the deletion to the 
amount of the deletion in a reference sample of mtDNA from 
known cancerous tissue or body fluid. 

20. The method of claim 17 wherein the quantifying of the 
deletion includes amplifying a target region of mtDNA that is 
indicative of the deletion, and quantifying the amount of the 
amplified target region. 

21. The method of claim 20 wherein the step of quantifying 
is conducted using real-time PCR. 

22. The method of claim 20 wherein a PCR primer having 
a sequence corresponding to SEQID NO: 2 is used as part of 
a pair of amplification primers for amplifying the target 
region. 

23. The method of claim 17 wherein the cancer is prostate 
CaCC. 

24. The method of claim 17 wherein the cancer is breast 
CaCC. 

25. The method of claim 17 wherein the biological sample 
is a body tissue or body fluid. 

26. The method of claim 25 wherein the biological sample 
is selected from the group consisting of breast tissue, prostate 
tissue and urine. 

27. The method of claim 10 wherein the amplifying of the 
target region is conducted using a pair of amplification prim 
ers, one of the pair of amplification primers overlapping a 
splice joining regions on opposite ends of the deletion. 
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28. A method of detecting a cancer in an individual com 
prising: 

a) obtaining a biological sample from the individual; 
b) extracting mitochondrial DNA (mtDNA) from the 

sample: 
c) quantifying the amount of mtDNA in the sample having 

a deletion corresponding to the sequence as set forth in 
SEQID NO: 1 or SEQID NO: 2; and 

d) comparing the amount of mtDNA in the sample corre 
sponding to SEQID NO: 1 or SEQID NO: 2 to at least 
one known reference value. 

29. The method of claim 28 wherein the at least one known 
reference value is the amount of the sequence corresponding 
to SEQID NO: 1 or SEQID NO: 2 in a reference sample of 
mtDNA from known non-cancerous tissue or body fluid. 

30. The method of claim 28 wherein the at least one known 
reference value is the amount of the sequence corresponding 
to SEQID NO: 1 or SEQID NO: 2 in a reference sample of 
mtDNA from known cancerous tissue or body fluid. 

31. The method of claim 28 wherein the step of quantifying 
is conducted using real-time PCR. 

32. The method of claim 31 wherein the quantifying of the 
deletion includes first amplifying a target region of mtDNA 
that is indicative of the deletion, and quantifying the amount 
of the amplified target region. 
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33. The method of claim 32 wherein one of a pair of PCR 
primers used in the amplifying of the target region overlaps a 
rejoining site of the sequence corresponding to SEQID NO: 
1 or SEQID NO: 2, after the sequence has re-circularized. 

34. The method of claim 28 wherein the cancer is prostate 
CaCC. 

35. The method of claim 28 wherein the cancer is breast 
CaCC. 

36. The method of claim 28 wherein the biological sample 
is a body tissue or body fluid. 

37. The method of claim 36 wherein the biological sample 
is selected from the group consisting of breast tissue, prostate 
tissue and urine. 

38. The method of claim 32 wherein the reference value is 
a cycle threshold. 

39. A diagnostic kit for carrying out the method of claim 1 
comprising: 

(a) material for collecting one or more biological samples: 
and 

(b) suitable primers and reagents for detecting the mtDNA 
deletion. 


